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Using Persistence of Post-Systolic Thickening
After Recovery From Ischemia
Toshihiko Asanuma, MD, PHD, Ayumi Uranishi, MSC, Kasumi Masuda, PHD,
Fuminobu Ishikura, MD, PHD, Shintaro Beppu, MD, PHD, Satoshi Nakatani, MD, PHD
Osaka, Japan
O B J E C T I V E S We sought to investigate the time course of post-systolic thickening (PST) and
systolic abnormality after recovery from brief myocardial ischemia.
B A C KG ROUND Myocardial ischemic memory imaging, denoting the visualization of abnormalities
provoked by ischemia and sustained even after restoration of perfusion, is desirable and allows
after-the-fact recognition of ischemic insult. PST offers a sensitive marker of myocardial ischemia, but
whether this abnormal thickening remains after relief from brief ischemia is unclear.
METHOD S Tissue strain echocardiographic data were acquired from 27 dogs under 2 different
conditions of myocardial ischemia induced by either brief coronary occlusion (15 or 5 min) followed by
reperfusion (Protocol 1) or by dobutamine stress during nonﬂow-limiting stenosis (Protocol 2). Peak
systolic strain and post-systolic strain index (PSI), a parameter of PST, were analyzed.
R E S U L T S In Protocol 1, peak systolic strain was signiﬁcantly decreased in the risk area during
occlusion. This decrease in peak systolic strain in the 15-min group did not completely recover to
baseline levels even 120 min after reperfusion, whereas the decrease in the 5-min group recovered
immediately after reperfusion. We found that PSI was signiﬁcantly increased during occlusion, but
increased PSI in the 5-min group remained until 30 min after reperfusion (0.19  0.18 [baseline] vs.
0.19 0.14 [30 min], p  0.05) despite the rapid recovery of peak systolic strain. In Protocol 2, increased
PSI was sustained until 20 min after the end of dobutamine infusion (0.26  0.11 [baseline] vs.
0.16  0.10 [20 min], p  0.05), although peak systolic strain recovered by 5 min after the end of
dobutamine infusion.
CONC L U S I O N S PST remained longer than abnormal peak systolic strain after recovery from
ischemia. Assessment of PST may be valuable for detecting myocardial ischemic memory. (J Am Coll
Cardiol Img 2009;2:1253–61) © 2009 by the American College of Cardiology Foundation
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1254he identification of myocardial ischemia in
patients with a history of chest pain remains
challenging, particularly in the absence of
abnormalities on electrocardiogram or eleva-
ion of serum biomarkers induced by myocardial
amage. Because failure of identification causes
nappropriate diagnosis, the development of myo-
ardial ischemic “memory” imaging, i.e., the visu-
lization of the abnormalities provoked by ischemia
nd sustained even after restoration of perfusion, is
esirable. Although the suppression of fatty acid
etabolism due to myocardial ischemia persists
fter the resolution of chest pain (1,2), myocardial
unction recovers relatively soon except in cases of
yocardial stunning. Conventional assessment by
chocardiography thus cannot be used for myocar-
ial ischemic memory imaging.
Recent developments in tissue strain echocardi-
graphy (TSE) have permitted the quantitative
assessment of regional myocardial func-
tion and precise detection of subtle abnor-
malities in wall motion such as post-
systolic thickening (PST), which is
defined as myocardial contraction after
aortic valve closure (AVC) (3). PST is a
sensitive marker of myocardial ischemia,
and this evaluation improves the diagnos-
tic accuracy for ischemic heart disease
(4,5). This abnormal thickening has been
suggested to continue after restoration of
perfusion, along with decreased systolic
wall motion in the stunned myocardium
(6). However, persistence after recovery
from a short duration of myocardial isch-
emia that does not cause stunning remains
nclear. We hypothesized that PST would remain
onger than abnormalities of systolic wall motion
fter relief from brief ischemia and could be used for
schemic memory imaging. We therefore investi-
ated chronological changes in PST and systolic
bnormality after recovery from ischemia. For this
urpose, 2 different conditions of ischemia were
sed: 1) brief coronary occlusion followed by reper-
usion (supply ischemia); and 2) dobutamine stress
uring nonflow-limiting stenosis (demand ischemia).
ETHODS
nimal preparation. All animal studies were per-
ormed in accordance with guidelines for the care
nd use of laboratory animals at our institution. A
otal of 27 open-chest dogs (14.4  1.4 kg) were
ing
ex
ngsed. Dogs were anesthetized with the use of entravenous pentobarbital sodium (35 mg/kg), in-
ubated, and ventilated with room air by use of a
espirator pump. Anesthesia with pentobarbital so-
ium was maintained throughout the experiment (6
o 8 mg/kg/h). A 5-F catheter was placed in the
scending aorta to monitor blood pressure, and a
-F double-lumen catheter was placed in the infe-
ior vena cava for continuous infusion of drugs. The
lectrocardiogram was monitored continuously.
In the model of brief coronary occlusion followed
y reperfusion (Protocol 1), the heart was sus-
ended in a pericardial cradle through a midline
horacotomy in the supine position. The proximal
ortion of the left anterior descending artery
LAD) was dissected free from surrounding tissues,
nd a vascular occluder was placed there. A perivas-
ular ultrasonic flow probe (Transonic Systems,
thaca, New York) was set at the distal site of the
ccluder and connected to a digital flowmeter. In
he model of nonflow-limiting stenosis (Protocol
), left lateral thoracotomy was performed in the
ight recumbent position, and a vascular occluder
nd flow probe were placed in the proximal portion
f the left circumflex artery (LCX).
chocardiography. TISSUE STRAIN ECHOCARDIO-
RAPHY. Tissue strain echocardiography was per-
ormed by the use of an ultrasound system (Aplio;
oshiba, Otawara, Japan). The left ventricular
hort-axis view at the papillary muscle was visual-
zed with the use of a water bath as a standoff.
osition of the ultrasound transducer was fixed by
he use of a mechanical arm. Tissue harmonic
-dimensional images and tissue harmonic Doppler
ata were simultaneously captured during 3 consec-
tive cardiac cycles. The frame rate was set at 103
rames/s. A microphone for the phonocardiogram
as placed directly on the base of the aorta. Timing
f AVC was determined by the aortic component of
he second heart sound derived from the phonocar-
iogram (7).
Myocardial radial strain was analyzed from tissue
oppler data by the use of online software (TDI-Q,
oshiba) (7). The strain value between 2 points on
beam was determined by the use of the strain-
efinition formula. The distance between the 2
oints was set at 3 mm. After the center of
ontraction was manually set on the image, Doppler
ngle correction was performed to evaluate regional
adial strain in the short-axis view. The reference
oint (i.e., zero strain) was set at the peak R-wave.
ssigned strain values in myocardium were color-
oded and displayed on 2-dimensional images. ToB B R E V I A T I O N S
N D A C R O N YM S
VC aortic valve closure
AD left anterior descend
rtery
CX left circumflex artery
CEmyocardial contrast
chocardiography
SI post-systolic strain ind
ST post-systolic thickeni
OI region of interest
SE tissue strainvaluate regional strain, a 3- or 4-mm circular
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1255egion of interest (ROI) was set on the endocar-
ium and manually tracked, frame by frame, during
ardiac cycles.
YOCARDIAL CONTRAST ECHOCARDIOGRAPHY
MCE). Real-time MCE (24 frames/s) was per-
ormed by use of the pulse subtraction mode to
onfirm the size and position of ischemic risk area.
efinity (Bristol-Myers Squibb Medical Imaging,
illerica, Massachusetts) was diluted 1:10 in normal
aline and administered intravenously at a rate of
.75 ml/min. The same short-axis images as used
or TSE were captured digitally from before the
urst frames throughout the replenishment of mi-
robubbles within the myocardium during transient
oronary occlusion. One clear end-diastolic image
as selected during the replenishment of contrast to
valuate the risk area. The size of the risk area was
easured by planimetry and expressed as the per-
entage of nonperfused area in left ventricular
yocardium.
xperimental protocol. PROTOCOL 1. Changes in
egional strain over time were investigated in 13
pen-chest dogs with brief LAD occlusion followed
y reperfusion in Protocol 1 (Fig. 1). We performed
CE during 20 s of LAD occlusion to estimate
isk area, and an interval of 30 min was provided
or recovery from wall motion abnormality induced
LAD Occlusion
(15 or 5 min)
3020100End of
Occlusion
Baseline
TSE
MCE
Protocol 1
Dobutamine
10, 20, 30,40
µg/kg/min
After St
Non-flow-lim
32010
155
0Peak
Stress
Baseline
TSE
MCE
Protocol 2
Figure 1. Study Protocols
Serial data from tissue strain echocardiography (TSE) were acquired
lowed by reperfusion in Protocol 1 and before, during, and after do
the left circumﬂex artery (LCX) in Protocol 2. MCE  myocardial contrasy the transient occlusion. We performed TSE after
omplete recovery of myocardial strain values in the
isk area. The LAD was then occluded for 15 min
n  5) or 5 min (n  8), followed by reperfusion
or 180 min. Before the LAD occlusion, heparin
100 U/kg) and lidocaine (2 mg/kg) were intrave-
ously administrated to prevent coronary thrombo-
mbolism and ventricular arrhythmia. Lidocaine
as maintained with continuous infusion (5 mg/
g/h) throughout the protocol. We confirmed
AD occlusion and reperfusion by LAD flow
easurement. We acquired TSE data at baseline; at
he end of occlusion; immediately after reperfusion
0 min); and 10, 20, 30, 60, 90, and 120 min after
eperfusion. At the end of the experiment (180 min
fter reperfusion), the heart was excised, and a myo-
ardial cross section corresponding to the echocardio-
raphic image was obtained. This section was incu-
ated in a 2% solution of 2,3,5-triphenyltetrazolium
hloride for 15 min at 37°C, and the infarcted myo-
ardium was identified as the region failing to dem-
nstrate red staining.
ROTOCOL 2. Changes in regional strain were in-
estigated before, during, and after dobutamine
nfusion in 14 open-chest dogs with nonflow-
imiting stenosis of the LCX in Protocol 2 (Fig. 1).
he risk area was evaluated by MCE in the same
Reperfusion (180 min)
120 min9060
TTC Staining
ing Dobutamine Infusion (120 min)
 Stenosis of LCx
120 min60
ogs with brief left anterior descending artery (LAD) occlusion fol-
amine administration in dogs with nonﬂow-limiting stenosis ofopp
iting
0
in d
butt echocardiography; TTC  2,3,5-triphenyltetrazolium chloride.
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1256anner as in Protocol 1. After intravenous admin-
stration of heparin and lidocaine, LCX flow was
easured before and during hyperemia to assess
oronary flow reserve under conditions without
tenosis. Hyperemia was induced by intravenous
nfusion of adenosine triphosphate (280 to 560
g/kg/min), and the infusion rate was adjusted in
ach dog to achieve maximum hyperemia without a
ecrease in blood pressure. Nonflow-limiting ste-
osis was then created, and LCX flow was again
easured before and during the same adenosine
riphosphate infusion to evaluate coronary flow
eserve under stenotic conditions. After measuring
oronary flow reserve, dobutamine was incremen-
ally infused at 10, 20, 30, and 40 g/kg/min (3
in each) as in clinical setting. The TSE data were
cquired at baseline; under peak dobutamine stress;
nd 5, 10, 15, 20, 30, 60, and 120 min after the end
f dobutamine infusion.
ata analysis. The TSE data were used to calculate
eak systolic strain, post-systolic strain, defined as
he peak strain coincident with PST after AVC,
nd maximal strain, defined as maximum length
hange during a cardiac cycle (Fig. 2). Post-systolic
Figure 2. Tissue Strain Echocardiography
Tissue strain echocardiography at mid-systole and radial strain proﬁ
dium during mild ischemia (A and B) and severe ischemia (C and D
or yellow indicates positive strain values. Blue indicates negative st
during severe ischemia as the result of systolic wall thinning. With
strain (-post), and maximal strain (-max) were measured, and pos
details). AVC  aortic valve closure.train index (PSI) was calculated from a ratio,
post-systolic strain – peak systolic strain)/maximal
train, as a parameter of PST. When no peak was
bserved after AVC in the strain profile, the strain
alue at regional onset of myocardial thinning
aused by early mitral filling was used as post-
ystolic strain. Onset of thinning was assessed by
he use of regional tissue velocity from TSE data.
alues from 3 consecutive cardiac cycles were aver-
ged to obtain each index. Peak systolic strain and
SI were analyzed in the risk area (LAD region) in
rotocol 1 and in both the risk area (LCX region)
nd the opposite normal LAD region in Protocol 2.
ecause relative wall thickening is important to
etect ischemia in the dobutamine stress echocar-
iography, the ratio of peak systolic strain in the
CX region to that in the normal LAD region was
easured in Protocol 2.
nterobserver and intraobserver correlations. Ten im-
ge clips were randomly selected from the total clips
nalyzed in Protocol 1 to assess interobserver and
ntraobserver correlations for TSE indexes. To de-
ermine the intraobserver correlation, the analysis
as repeated by a second observer who was blinded
analyzed within circular regions of interest in the anterior myocar-
duced by occlusion of the left anterior descending artery. Orange
values. Note that blue is assigned to the anterior myocardium
use of the strain proﬁle, peak systolic strain (-sys), post-systolic
tolic strain index was calculated (see the Data analysis section forles
) in
rain
the
t-sys
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1257o the values obtained by the first observer. To
etermine the intraobserver correlation, analysis
as repeated 2 weeks later by the same observer.
tatistical analysis. Data are expressed as mean 
D. Comparisons among hemodynamics and TSE
ndexes in each protocol were performed by analysis
f variance followed by the Dunnett post-hoc test.
omparisons of sizes of the risk area between the
5- and 5-min occlusion groups were performed by
se of the unpaired t test. Comparisons of hemo-
ynamics and coronary flow data before and after
he creation of nonflow-limiting stenosis were per-
ormed by use of the paired t test. Interobserver and
ntraobserver correlations were determined by use of
land-Altman analysis. Values of p  0.05 were
onsidered statistically significant.
E SULTS
emodynamics in Protocol 1. Heart rate and systolic/
iastolic blood pressure did not differ significantly
hroughout coronary occlusion and reperfusion in
ither the 15- or 5-min occlusion group (Table 1).
isk area size and myocardial necrosis in Protocol 1.
he size of the risk area derived from MCE did not
iffer significantly between the 15- and 5-min
cclusion groups (26.5  4.3% [15 min] vs. 29.1 
.1% [5 min], p  0.520). Myocardial necrosis was
ot detected by 2,3,5-triphenyltetrazolium chloride
taining in any dogs from either group.
hronology of changes in TSE indexes in Protocol 1.
eak systolic strain in the risk area was significantly
ecreased at the end of occlusion compared with
hat at baseline and began to normalize after reper-
usion in the 15-min occlusion group; however, it
ad not completely recovered to baseline levels even
t 120 min after reperfusion (Fig. 3A). Although
eak systolic strain at the end of occlusion in the
Table 1. Hemodynamics in Protocol 1
Baseline
End of
Occlusion 0
Heart rate, beats/min
15-min occlusion 103 12 102 9 101
5-min occlusion 100 15 98 15 95
Systolic BP, mm Hg
15-min occlusion 109 12 105 10 104
5-min occlusion 92 17 87 20 92
Diastolic BP, mm Hg
15-min occlusion 81 12 77 11 74
5-min occlusion 75 15 66 16 71BP  blood pressure.-min occlusion group decreased to the same level
s that in the 15-min occlusion group, this decrease
ecovered to baseline levels immediately after reper-
usion (Fig. 3B).
The PSI in the risk area was significantly increased
t the end of occlusion in both occlusion groups as the
esult of the occurrence of PST. These increases were
lmost the same in each group. The PSI in the 15-min
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Figure 3. Peak Systolic Strain in Protocol 1
Peak systolic strain in the risk area with 15 min (A) and 5 min
(B) of occlusion. Peak systolic strain was signiﬁcantly decreased
at the end of occlusion compared with that at baseline in both
occlusion groups. The decrease in the 15-min occlusion group
did not completely recover to baseline levels even by 120 min
after reperfusion, but the decrease in the 5-min occlusion group
recovered immediately after reperfusion. *p  0.05 vs. baseline.
Reperfusion, min
10 20 30 60
100 8 100 9 97 7 95 7 9
95 11 94 12 92 11 90 11 8
104 13 102 12 102 12 99 12 9
92 16 92 17 92 18 91 17 9
75 13 73 11 74 10 70 10 7
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1258cclusion group decreased after reperfusion but had
ot reached baseline levels by 120 min after reper-
usion (Fig. 4A). The PSI in the 5-min occlusion
roup recovered to baseline levels by 120 min after
eperfusion, but the significant increase in PSI
emained until 30 min after reperfusion despite the
apid recovery of peak systolic strain (Fig. 4B).
Strain profiles in the risk area derived from dogs
ith 15 or 5 min of occlusion are shown in Figure 5.
ystolic wall thinning and PST after AVC were
emonstrated at the end of occlusion in both
roups. Complete recovery of peak systolic strain
as not observed by 120 min after reperfusion, and
ST was sustained in dogs with 15 min of occlusion
Fig. 5A). In contrast, peak systolic strain recovered
mmediately after reperfusion in dogs with 5 min of
cclusion, but PST remained present until 30 min
fter reperfusion (Fig. 5B).
onﬂow-limiting stenosis in Protocol 2. The LCX
ow after creating nonflow-limiting stenosis was
nchanged compared with that before stenosis
17.3  4.9 ml/min [before] vs. 17.8  6.2 ml/min
Reperfusion (min)
0 10Occlusion
Baseline
20 30
*
*
*
*
*
* *
*
60 90 120
Reperfusion (min)
0 10Occlusion
Baseline
20 30 60 90 120
*
*
Post-Systolic Strain Index in Protocol 1
SI in the risk area with 15 min (A) and 5 min (B) of occlusion.
the 5-min occlusion group recovered to baseline levels by 120
eperfusion, but the signiﬁcant increase was prolonged until 30
eperfusion despite the rapid recovery of peak systolic strain.c
vs. baseline. PSI  post-systolic strain index.after], p 0.468), whereas the coronary flow reserve
f LCX after stenosis was significantly decreased
ompared with that before stenosis (2.18  0.48
before] vs. 1.31  0.24 [after], p  0.001).
emodynamics in Protocol 2. Although heart rate
nd systolic blood pressure were significantly in-
reased during peak dobutamine stress compared
ith levels at baseline, no significant increases were
dentified as of 10 min after stopping dobutamine
nfusion (Table 2).
hronology of changes in TSE indexes in Protocol 2.
eak systolic strain increased during peak dobut-
mine stress in the risk and normal areas; however,
he increase in the risk area tended to be smaller
han that in the normal area because of reduced
oronary reserve. Consequently, the ratio of peak
ystolic strain in the risk area to that in the normal
rea tended to decrease during peak dobutamine
tress compared with that at baseline (0.75  0.21
baseline] vs. 0.63  0.21 [peak stress], p  0.604).
his ratio recovered to baseline levels by 5 min after
he end of dobutamine infusion (0.75  0.21
baseline] vs. 0.81  0.24 [5 min], p  0.977). In
ontrast, PSI in the risk area was significantly
ncreased during peak dobutamine stress, and this
ncrease was sustained until 20 min after the end of
obutamine infusion. The PSI in the normal area
as unchanged during and after dobutamine stress
Fig. 6).
nterobserver and intraobserver correlations. For in-
erobserver and intraobserver correlations in the mea-
urement of peak systolic strain, mean differences were
.019 and 0.002, and limits of agreement (1.96 SD)
ere 0.097 and 0.060, respectively. Mean differ-
nces in the PSI measurement were 0.005 and 0.001,
nd limits of agreement were 0.217 and 0.263,
espectively.
I SCUS S ION
n the present study we examined the diagnostic
alue of PST for ischemic memory imaging. The
SI was significantly increased during 5 min of
oronary occlusion, and increased PSI remained
ntil 30 min after reperfusion despite the rapid
ecovery of peak systolic strain. Increased PSI in-
uced by dobutamine infusion during nonflow-
imiting stenosis also was sustained until 20 min
fter the end of infusion.
ecovery of PST after relief from myocardial ischemia.
eterioration of wall thickening or peak systolic
train induced by myocardial ischemia usually re-
overs soon after restoration of blood flow, except inPS
I
A
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0.6
0
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Figure 4.
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1259evealed delayed recovery of peak systolic strain in
he 15-min occlusion group, whereas recovery was
bserved immediately after reperfusion in the
-min occlusion group, suggesting that 5 min of
cclusion is not long enough to cause myocardial
tunning.
Although PST is well known to be provoked
uring ischemia, the details of recovery after relief
rom ischemia remain unclear. Jamal et al. (6) have
uggested that PST continues after reperfusion
long with decreased systolic strain. In addition, in
he 15-min occlusion group of our model, PSI as
ell as peak systolic strain did not recover to
aseline levels even at 120 min after reperfusion.
owever, in the 5-min occlusion group, PSI con-
inued to increase until 30 min after reperfusion,
otwithstanding the immediate recovery of systolic
train. This, to the best of our knowledge, repre-
ents the first report that shows PST persists longer
han systolic strain abnormalities after reperfusion.
In nonflow-limiting stenosis, the recovery of
eak systolic strain was demonstrated by 5 min after
easing dobutamine infusion, whereas increased
SI in the risk area remained until 20 min after
essation. Because the effect of dobutamine contin-
es for a short time after the infusion is stopped, the
iming of relief from ischemia should be interpreted
arefully. However, heart rate and blood pressure
ecovered to baseline levels by 20 min, suggesting
hat increased PSI after 20 min is not induced by
emand ischemia. Assessment of PST thus seems
o be useful for detecting ischemic memory even in
ases of demand ischemia.
Mechanisms of the occurrence of PST are still
ontroversial. Skulstad et al. (8) have demonstrated
hat PST occurs by passive recoil in dyskinetic
egments but is caused by active contraction in
ypokinetic or akinetic segments. Claus et al. (9)
ave shown that PST originates from the end-
ystolic inhomogeneous state where neighboring
egments have a different wall thickness as a passive
henomenon that is the result of elastic segment
nteraction. Although we could not clarify the
echanisms underlying the delayed recovery of
ST in the present study, PST might reflect isch-
mic cellular or subcellular dysfunction more sensi-
ively than peak systolic strain because chronologi-
al changes of PST did not parallel those of peak
ystolic strain. Prolonged suppression of fatty acid
etabolism after myocardial ischemia despite the
estoration of blood flow has been identified in
ecent studies (1,2) in which the authors used
-methyl-p-[123I]-iodophenyl-pentadecanoic acid. wt should be further studied whether PST detects
uch a metabolic disorder.
Two studies (10,11) have reported that PST can
ssess myocardial viability. Because PSI was simi-
arly high at the end of occlusion in the 15- and
-min occlusion groups and myocardium in both
roups was viable, our data are consistent with those
revious studies. However, prediction of different
ecovery processes between the 15- and 5-min
cclusion groups by PSI values immediately before
eperfusion appears to be difficult.
linical implications. In patients with chest pain,
ymptoms have often largely resolved by the time
hey come to the emergency department. An elec-
rocardiogram and biochemical markers such as
ardiac troponin can be helpful in diagnosing myo-
ardial injury in such patients; however, the sensi-
ivity of these methods for detecting myocardial
schemia in the absence of myocardial cell destruc-
ion is unsatisfactory. Stress echocardiography offers
etter sensitivity and specificity but is difficult to
erform on unstable patients. Cardiac single-
hoton emission computed tomography with
-methyl-p-[123I]-iodophenyl-pentadecanoic acid
ppears to represent a promising method for isch-
mic memory imaging but must be performed in a
adiation-controlled area.
If ischemic memory imaging could be performed
ith the use of echocardiography, this technique
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Figure 5. Strain Proﬁles in Protocol 1
Proﬁles of radial strain in the risk area with 15 min (A) and 5 min (B
occlusion. Aortic valve closure is demonstrated as an orange line. S
wall thinning and post-systolic thickening (PST) were shown during
sion in both groups of dogs. Complete recovery of peak systolic str
not observed, and PST (arrows) was sustained until 120 min after r
sion with 15 min of occlusion. Although peak systolic strain recover
immediately after reperfusion with 5 min of occlusion, PST was clea
apparent until 30 min after reperfusion.500
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1260isease at the bedside in the emergency department.
e think that the assessment of PST is promising
s a method of ischemic memory imaging because
his abnormality is prolonged compared with peak
ystolic strain. Because PST is sometimes observed
ven in healthy subjects (12,13), the judgment of
schemic memory may be complicated in discrimi-
ating between normal and abnormal PST. We
ould recommend that echocardiography for di-
gnosing ischemic memory should be performed
wice in 10- or 15-min intervals because PST as
sign of ischemic memory would decrease over
ime whereas normal PST would remain at the
ame level. If PST tends to disappear in this
equence, it suggests recent but nonsustained
yocardial ischemia.
The effect of rich collaterals in dogs should be
onsidered when our results are translated in the
linical use. Even 5 min of occlusion would be more
evere in humans because they have fewer collater-
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Figure 6. Post-Systolic Strain Index in Protocol 2
Shown is the PSI before, during, and after dobutamine infusion in d
peak dobutamine stress in the normal area. However, that in the ris
ics in Protocol 2
Baseline Peak Stress
A
5 10
108 12 210 28* 157 17* 134 15
112 30 166 31* 132 21* 111 21
77 13 80 10 79 9 70 9min after stopping dobutamine infusion. *p  0.05 vs. baseline. Abbrevls. Therefore, PST might remain longer in the
linical settings compared with our results.
Our data also imply the advantages of evaluating
ST after stress test for diagnosing stable angina.
achycardia due to dobutamine often misleads phy-
icians or sonographers into falsely identifying wall
otion abnormality, but this would be avoided if as-
essment could be performed after the end of dobut-
mine infusion when the heart rate becomes slower.
tudy limitations. The use of TSE is frequently
ampered by the angle dependency of the Doppler
echnique. Despite the angle correction technique
n this system, accurate strain values cannot be
easured in the 2- to 3-o’clock and 9- to 10-o’clock
ositions of the short-axis view. The ROIs must be
islocated from these regions, and so they were not
lways placed in the center of the risk area. We
herefore performed MCE and confirmed that all
OIs were carefully set to be included within the
isk area.
opping Dobutamine (min)
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*
*
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with nonﬂow-limiting stenosis. The PSI did not change during
ea was signiﬁcantly increased and remained increased until 20
End of Dobutamine Infusion, min
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k arTable 2. Hemodynam
fter
Heart rate, beats/min 124
Systolic BP, mm Hg 104
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1261Lucats et al. (14) have demonstrated that PST
erived from sonomicrometry in a dog model is
bserved in the posterior wall even at baseline. In
ur results, however, PST was hardly detected in
he LCX regions at baseline. Although the cause of
his discrepancy is uncertain, the location of ROIs
n our analysis might be different from that of
ucats’s model because we could not place them in
he center of the risk area as mentioned previously.
Absolute values of Doppler-derived strain are
ffected by the derivative pitch of strain measure-
ent, the size and transmural location of ROIs, and
he like. For this reason, a strain value derived
rom TSE should be normalized by a reference
alue. However, PSI can partly cancel this issue
ecause it is a ratio of PST against the maximal
train.
Wang et al. (15) have shown that PST is more2120–6. coronary occlusion: aubepicardial layer. Because we could not observe
train in each layer, it is still unknown whether PST
n the subendocardial layer remains longer after
ecovery from ischemia than that in the entire layer.
ONCLUS IONS
n this work we found that PST remained longer
han abnormal peak systolic strain after recovery
rom myocardial ischemia induced by brief coronary
cclusion or dobutamine stress during nonflow-
imiting stenosis. Therefore, the assessment of PST
y TSE may facilitate the detection of myocardial
schemic memory.
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